Introduction
For more than 40 years, clinicians have used the anion gap (AG) as a major tool to evaluate acid-base disorders [1] [2] [3] [4] [5] . An increased value of the AG suggests a possible organic acidosis due to endogenous acids or exposure to exogenous acids [1] . Although the concept of the AG was described in 1936 by James Gamble [6] , it did not gain widespread recognition by physicians until the 1970s after the introduction of autoanalyzers and the rapid availability of multiple analytes [3] . According to Gamble [6] , electrical neutrality in solution demands that the sum of the cations is equal to the sum of the anions, also represented in a gamblegram ( Fig. 1 ) . Sodium, chloride, bicarbonate, and albumin are quantitatively the major ions in the extracellular fluid compartment and are therefore used to calculate the AG. A true "ion gap," however, does not exist in vivo which makes the AG a fundamental tool to evaluate acid-base disorders [1] . From Figure 1 it is obvious that the elements used in the AG equation are quantitatively the most prominent electrolytes in plasma:
[Na + ] -[Cl -dent on the type of instrument used to measure its components. In the study reported by Roberts et al. [3] , the AG value was 5-10 mEq/L with the Synchron CX3 analyzer (Beckman Coulter), 9-14 mEq/L for the Hitachi 717 analyzer (Boehringer Mannheim, Mannheim, Germany), and 8-13 mEq/L for the Vitros 950 analyzer (Johnson & Johnson, New Brunswick, NJ, USA). In another study in 4,525 healthy adults, AG varied from 8.5 to 15.2 mEq/L, with a mean value of 11.6 mEq/L [5] . Therefore, one should know the reference range of the analyzer used and, if known, the patient's baseline AG, too. One should also realize that reference ranges are usually based upon venous bicarbonate values that may be about 1-2 mEq/L higher than arterial values [7] . Changes in sodium concentration are dependent on the water content of plasma and go hand in hand with the chloride concentration, and, therefore, AG evaluation remains a useful tool in dysnatremia. Serum AG is affected by the concentrations of all anions and cations which are not included in its calculations: i.e., albumin, globulin, potassium, calcium, magnesium, and organic and inorganic acids. Because of the narrow extracellular concentration, most ions are [1] . Therefore, each g/dL albumin decline will decrease the AG with about 2.5 mEq/L. To appreciate these facts, the AG formule should be: [Na + ] -[Cl -] -[ HCO 3 -] -2.5 [albumin, in g/dL]. This equation is about zero in health, to stress the balance of ions, and also shows the relevance of albumin as a negative ion.
Normal AG Metabolic Acidosis

Nomenclature
In the acid-base literature, a nomenclature has evolved that confused many experienced clinicians as well as trainees and students [8] . Concerning normal AG acidosis, one can find the terms "normal AG," "non-AG," and "hyperchloremic" metabolic acidosis, all three implicating the same disorder. However, the verb "non-AG" implicates an AG of zero, which is incorrect because one, in fact, refers to an AG below 10-12 mEq/L. Hyperchloremia will be present in a patient with shock and dehydration with hypernatriemia, however, with a high AG. Sodium and chloride will increase because of dehydration and little water intake. Hyperchloremic metabolic acidosis is, therefore, not synonymous with a normal AG. Therefore, the preferred terminology is normal AG metabolic acidosis. Another confusing subject is the so-called "dilution acidosis" suggesting that a fall in serum bicarbonate concentration is solely due to expansion of the extracellular fluid volume with large volumes of intravenous fluids like normal saline. However, dilution acidosis is a misnomer because the reason for the decrease in bicarbonate in chloride-rich fluids is the necessity of electroneutrality and not merely "dilution" of bicarbonate. Therefore, hyperchloremic metabolic acidosis can also be the result of chlorine inhalation [9] , because an increased Cl -/Na + ratio above 0.79 will lead to a normal AG metabolic acidosis [10, 11] .
The classification of renal tubular acidosis (RTA) may also be confusing as the defect in the proximal and distal tubules is named paradoxically type 2 and type 1, respectively (Table 1) . 
Case Definition and Pathophysiology
Gastrointestinal Cause of Normal AG Metabolic Acidosis
Severe diarrhea is the most common cause of gastrointestinal loss of bicarbonate. Because the concentration of bicarbonate in diarrheal fluid is generally greater than that in plasma, large amounts can be lost in severe diarrhea or ileostomy [12] . Ureteral diversion can also lead to a normal AG metabolic acidosis. Ureteral implantation into the sigmoid colon or the replacement of the urinary bladder using a short loop of ileum will lead to the exposure of urine to the gastrointestinal mucosa, which will cause gastrointestinal bicarbonate loss and retention of chloride [13] . Cholestyramine is a nonabsorbable anion exchange resin used to bind bile acids in the gut. It has been used in the treatment of hypercholesterolemia, pruritus associated with elevated levels of bile acids, and diarrhea due to bile acid malabsorption in the setting of ileal disease or resection [14] . It swaps chloride anions for bile acids in the lumen of the small intestine, resulting in bile acid complexes that are fecal excreted instead of being reabsorbed in the ileum. This exchange causes gastrointestinal secretion of bicarbonate and absorption of chloride. If the kidneys cannot compensate by increasing chloride excretion and bicarbonate retention because of impaired urinary acidification such as renal insufficiency and aldosterone antagonism a normal AG metabolic acidosis develops [14] .
Renal Tubular Acidosis
There are three major forms of RTA: proximal RTA (type 2), distal RTA (type 1), and hyperkalemic RTA (type 4). Hyperkalemic RTAs include hypoaldosteronism (type 4) and a voltage-dependent RTA, which is caused by defects in distal sodium reabsorption and is perhaps a subtype of distal RTA. RTA type 3 is a mixed RTA form of type 1 and type 2 [15] . Tubular defects are inherited or acquired. This review will focus on the acquired forms of RTA.
Proximal Tubule Dysfunction
To recognize RTA, one should know how tubular dysfunction will lead to metabolic acidosis. The proximal tubule absorbs approximately 85-90% of the filtered bicarbonate and 60% of the filtered sodium along with water, phosphate, amino acids, and glucose. The loop of Henle reabsorbs around 10% of the filtered bicarbonate and the remaining 5-10% is reabsorbed in the collecting tubules. The process of bicarbonate reabsorption in the distal tubule involves an HCO 3 -/Cl -exchanger [16] .
Isolated Carbonic Anhydrase Defect
An isolated acquired proximal tubular acid-base defect (RTA type 2) can be caused by failing of the enzyme carbonic anhydrase (CA) IV by enzyme blockers like acetazolamide and topiramate. CAs are a family of zinc metalloenzymes found in all organisms, catalyzing the reversible reaction of CO 2 hydration to bicarbonate and a proton [17] . An anhydrase is defined as an enzyme that catalyzes the removal of a water molecule from a compound, and so it is this "reverse" reaction that gives CA its name, because it removes a water molecule from carbonic acid. H 2 CO 3 is formed in the body by the reaction of CO 2 with H 2 O:
This reaction is slow, and small amounts of H 2 CO 3 are formed unless the enzyme CA is present. This enzyme is especially abundant in the walls of the lung alveoli, where CO 2 is released, and also in the epithelial cells of the renal tubules, where CO 2 reacts with H 2 O to form H 2 CO 3 . In many organisms, CA enzymes are involved in crucial physiological processes connected with respiration and transport of CO 2 /bicarbonate, pH, and CO 2 homeostasis, electrolyte secretion in a variety of tissues of organs, biosynthetic reactions (e.g., gluconeogenesis, lipogenesis, and ureagenesis), bone resorption, calcification, tumorigenicity, and many other physiologic or pathologic processes [16, 17] .
Four different CAs are expressed in the human nephron and two isoforms of CA deficiency have been described (CA II and CA IV) [18] . CA II is cytoplasmic and found in the proximal and distal tubule. CA IV is located in the apical membrane of the proximal tubule. In the proximal tubular lumen, filtered bicarbonate reacts with hydrogen ions to form carbonic acid (H 2 CO 3 ) that splits into CO 2 and H 2 O by the action of luminal enzyme CA IV. CO 2 diffuses back into the cells where it reacts with H 2 O in the presence of cytoplasmic CA II and generates HCO 3 -and H + . HCO 3 -is transported into the blood, in exchange of chloride, while H + is secreted into the lumen. Bicarbonate absorption by this mechanism is saturable, so whenever the normal level of 24 mmol/L is reached, loss of bicarbonate in the urine develops. Under normal conditions, however, there is virtually no bicarbonate in the urine [17, 19] . Hypokalemia is very common in proximal RTA because of excess urinary loss of K + . This is due to the increased delivery of Na + and HCO 3 -to the distal nephron, where Na + /K + exchange occurs. Also, volume depletion induces aldosterone secretion that will contribute to K + wastage. One should realize that proximal RTA is a self-limiting disorder and bicarbonate wasting can be transient depending on the intake of bicarbonate-forming substances. Because the bicarbonate reabsorptive capacity is reduced from the normal level of approximately 24 mEq/L, a new steady state will be present as all the filtered bicarbonate can now be reabsorbed, and the patient is able to excrete the daily acid load. However, the bicarbonate concentration will remain low as the urinary bicarbonate wasting continues until the plasma HCO 3 -level reaches a new low level of about 12-18 mEq/L [20, 21] . The plasma bicarbonate concentration usually does not fall below 12 mEq/L in patients with proximal RTA as distal renal tubules have substantial bicarbonate reabsorptive capacity [21] . Fanconi Syndrome A generalized proximal tubular dysfunction may cause the so-called Fanconi syndrome characterized by a complex transport defect of the proximal tubule that results in decreased reabsorption of glucose, amino acids, bicarbonate, uric acid, and phosphate. Therefore, bicarbonaturia, tubular proteinuria, aminoaciduria, phosphaturia, glucosuria, and uric acid and sodium wasting may be present [22] . Fanconi syndrome can occur as an inborn error or an acquired disorder, including multiple myeloma and specific medications, including tenofovir and ifosfamide ( Table 2 ) .
Distal Tubular Dysfunction
In the distal tubules, acid excretion (H + ) is counterbalanced by K + retention, by H + /K + ATPase, leading to hypokalemia and metabolic acidosis when there is a defect in this exchange. Another defect may be an increased permeability of the luminal membranes to secreted protons. This results in back diffusion of H + despite the presence of an effective pump. This gradient defect is classically seen in patients treated with amphotericin B [23, 24] . Before the back diffusion occurs, the secreted H + ions in the tubular lumen bind HCO 3 -to form H 2 CO 3 . As there is no luminal CA, H 2 CO 3 is slowly dehydrated to CO 2 and water causing transient high urine pCO 2 levels. This is the only type of classic RTA with high urine pCO 2 levels (> 65 mm Hg) and corresponding high urine-blood pCO 2 difference (>25 mm Hg) [23] . A small number of patients with distal RTA have a voltage defect in the distal tubules leading to hyperkalemia rather than hypokalemia [24] . The necessary transepithelial voltage gradient for the exchange of H + /K + cannot be maintained, forcing retention of both K + and H + in exchange for Na + , as can be seen in aldosterone-related RTA type 4 (discussed below). The entities are distinct because, in contrast with distal RTA due to a voltage defect in the distal tubules, patients with RTA type 4 maintain their ability to acidify urine in response to acidemia [24] .
RTA Type 4
Aldosterone plays an essential role in the maintenance of fluid and electrolyte homeostasis in the collecting duct, where Na + is exchanged for H + and K + . The kidney accounts for about 90% of excreted potassium, primarily governed by plasma aldosterone and delivery of sodium and water to the distal secretory site. Hypoaldosteronism (RTA type 4) is caused by reductions in aldosterone secretion or responsiveness resulting in an increase in plasma H + and K + concentrations. Well-known causes are chronic interstitial nephritis and the most common RTA type: hyporeninemic hypoaldosteronism due to diabetic nephropathy. Many drugs will decrease the activity of aldosterone, including angiotensin-converting enzyme inhibitors, angiotensin II receptor blockers, and direct renin inhibitors ( Table 2 ) [23] .
Normal AG Acidosis due to Saline Infusion
Numerous severely ill patients admitted to the hospital will develop an iatrogenic normal AG metabolic acidosis caused by fluid resuscitation with normal saline (NaCL 0.9%). As an example, all patients with severe diabetic ketoacidosis treated with NaCl 0.9% will have a combined high AG and normal AG metabolic acidosis soon after admission [29] . Hyperchloremia develops rapidly, increasing to 50% by 4 h in a previous study [25] . Patients treated with therapeutic plasma exchange with a replacement solution of 4% human albumin with a high chloride concentration can also develop a normal AG metabolic acidosis [26] . Another rare cause in this respect may be the use of NaCl 0.9% for total gut irrigation through the nasogastric route method as a bowel preparation in children undergoing colorectal surgeries [27] . Normal saline has a pH of 5.5 and a chloride content of 154 mmol/L and sodium of 154 mmol/L. The low pH has little influence on the development of acidosis after resuscitation. Because plasma has a sodium content of about 140 mmol/L and much lower chloride content of about 106 mmol/L, the chloride increase will be relatively higher than the sodium increase with the infusion of NaCl 0.9%. Because of this increase in chloride, a decrease in bicarbonate follows to maintain electroneutrality. Serum chloride is responsible for about one third of the extracellular fluid tonicity and two thirds of all anionic charges in plasma. Because of its high concentration, chloride is the most important anion to balance extracellular cations [28] . All bodily fluids conform to the principle of electrical neutrality, containing an equivalent number of positively and negatively charged ions. Therefore, to maintain electrical neutrality in the face of rising serum chloride anions from normal saline, the serum loses an equal amount of bicarbonate anions resulting in normal AG metabolic acidosis [29] .
Diagnostic Evaluation of Normal AG Acidosis
Functional Tests
The first step is to exclude severe diarrhea or the use of medications that can cause RTA.
Urinary Ammonium/Urine AG If the kidney function is intact, hyperchloremic acidosis should lead to increased renal excretion of ammonium, and measurement of urinary ammonium can, therefore, be used to differentiate between renal and extrarenal causes of normal AG acidosis. However, since few laboratories measure urinary ammonium routinely, the urinary AG ( ] in mmol/l) are often used as surrogate measures of excretion of urinary ammonium [30, 31] . When individuals ingest a typical western diet, the quantity of sodium and potassium absorbed by the gastrointestinal tract will be higher than the absorbed chloride, and the urine AG will have a positive value (about +20 to +90 mmol/L) in healthy individuals. Ammonium is excreted as NH 4 Cl, and, therefore, the chloride excretion should be high in metabolic acidosis and the urinary AG ([Na
]) must become negative in severe diarrhea (about -30 to -50 mEq/L). In RTA type 1 and type 4, the urine AG will become positive because of the low chloride excretion as a result of the impaired urinary ammonium ( NH 4 + ) excretion as ammonium chloride [NH 4 Cl]). This defect can be seen in renal failure, distal RTA, or hypoaldosteronism [30, 31] . In proximal RTA, bicarbonate resorption is defective, but the ammonium excretion remains intact, and, therefore, a negative urinary AG will be found in RTA type 2 [32] .
The Urinary Osmolal Gap
The urinary AG becomes unreliable when polyuria is present, when the urine pH exceeds 6.5 [31] , or when urinary ammonium is excreted with an anion other than chloride (e.g., keto acids, acetylsalicylic acid, D -lactic acid, and large quantities of penicillin [30] . Furthermore, the acidification of the urine requires adequate distal delivery of sodium; thus, the usefulness of the urinary AG is questionable when the urinary sodium level is less than 20 mmol/L [33] . In such cases, the urinary osmolal gap is generally more reliable. The urinary osmolal gap determines the difference between measured and calculated urinary osmolality. The urinary osmolality is calculated as follows: (2 ]) + (urine urea nitrogen) + (urine glucose). In patients without diabetes, the glucose concentration is often omitted from this calculation. A normal urine osmolal gap is approximately 10-100 mosm/kg, with urinary ammonium excretion being approximately one half of this value (5-50 mmol/L) due to accompanying anions. A high urine osmolal gap >200 mEq/L suggests a high urine ammonium concentration, and a nonrenal cause for the acidosis like diarrhea (often >300-400 mEq/l) is more likely than RTA [34, 35] . A urinary osmolal gap below 40 mmol per liter in normal anion-gap acidosis indicates impairment in urinary ammonium excretion. The urinary osmolal gap usually reflects the level of ammonium, except in the presence of large quantities of a nondissociated acid, such as β-hydroxybutyric acid in ketoacidosis and hippurate in toluene intoxication. The urinary osmolal gap, as compared with the urinary AG, has a better correlation with the urinary ammonium value [30, 31] .
Urine pH
The urine pH reflects the hydrogen ion concentration and, therefore, the degree of acidification of the urine. Because urine can achieve a hydrogen ion concentration 1,000× greater than blood, its pH ranges from 4.5 to 8 (average pH 5-6) [36] . Though the gold standard of measurement is with a pH electrode, dipsticks offer the convenience of cost and ease of use [37] . However, many limitations concerning the urine pH level exist. The pH determined by dipsticks covers a pH range from 5.0 to 8.5 or to 9.0. Using dipsticks, however, significant deviations from the true pH are observed for values below 5.5 and above 7.5 [38] . The pH of urine is dependent on the time of day, the prandial state, diet, health status, and medications. A high protein diet is associated with acidic urine, and a vegetarian diet typically produces more alkaline urine because of bicarbonate formation from fruits, especially citrus, and vegetables. Highly diluted urine and a very low concentration of urinary sodium may interfere with the achievement of a minimum pH despite a normal renal acidification function. Often, the urine specimen becomes contaminated preanalytically with bacteria during collection [36] . While midstream urine collection after cleansing of the genitalia may be the preferred method, most urine collections are made without this practice. Both the male and female urethras are colonized with microorganisms. While urine collected by conventional voiding is often bacterially contaminated, even midstream random urine collections, whether with or without prior cleansing of external genitalia, have bacterial contamination rates of up to 30% [36, 38] . Left standing, the pH of a bacterial-contaminated, unpreserved urine specimen will continue to increase. Bacterial contamination of urine with microorganisms that split urea may yield urinary pH values >8.0 because of bacterial decomposition of urea to ammonia. A urea-splitting microor-ganism can produce alkaline urine through the following mechanism [36] :
Therefore, the measurement of pH in fresh urine samples and a pH meter should be used if an accurate measurement is necessary.
In metabolic acidosis and acidemia, the urine pH should decrease below 5.3 when the kidney function is intact. A higher value may indicate the presence of RTA. A normal adult under a common western diet eliminates about 40 mEq/day of NH 4 + . In case of chronic metabolic acidosis, the urinary NH 4 + can increase up to 5-8 times the normal value, causing a maximum decrease in the urine pH to 4.5 [40] . Sometimes, it may be challenging to differentiate between diarrhea and distal RTA as a cause of normal AG acidosis and an elevated urine pH. Hypokalemia due to diarrhea can result in an inappropriately elevated urine pH that is due to a decrease in collecting duct H + secretion because hypokalemia is a potent stimulus of renal NH 3 production. The excess NH 3 in the urine binds to secreted H + , thereby elevating the urine pH despite adequate tubular H + secretion. When the hypokalemia is treated, H + production by the kidney decreases, and the urine pH decreases appropriately. In contrast, in distal RTA (type 1), correction of hypokalemia has no effect on urine pH [41] .
Ammonium Chloride Load Administration of NH 4 Cl to induce metabolic acidosis with assessment of the renal response by serial measurement of urine pH has been often utilized in the past. It has classically been considered a crucial test in the diagnosis of distal RTA. Nowadays, its clinical application is quite restricted because the NH 4 Cl test is poorly tolerated since it induces nausea and vomiting. Also, the ability to acidify the urine may be assessed with less aggressive explorations [42] .
Furosemide and Fludrocortisone
An alternative way to test the capacity for distal acidification is to administer furosemide and the mineralocorticoid fludrocortisone simultaneously [39] . The combination of both increased distal Na + delivery, and the mineralocorticoid effect will stimulate distal H + secretion by both an increase in the luminal electronegativity and a direct stimulation of H + secretion. Normal subjects will lower urine pH to values below 5.5 with either maneuver [39, 42] .
The Urine-Blood pCO 2 during NaHCO 3 Loading Urine pCO 2 after alkalization is a measure of the capacity of the proton pump to maximally secrete H + because alkaline urine provides a favorable gradient for H + secretion. The urine-blood pCO 2 during NaHCO 3 loading is, therefore, an excellent diagnostic index of H + -ATPase defect distal RTA [43] . In the NaHCO 3 loading test, 2.75% NaHCO 3 solution should be infused intravenously at a rate of 4 mL/kg/h. Urine and blood samples are taken at 2-h intervals until the plasma bicarbonate concentration reaches 24 mmol/L. Urine and blood pCO 2 are measured then using a blood gas analyzer. The urine-blood pCO 2 
Pseudohyperchloremia
Pseudohyperchloremia is a phenomenon where there is a normal actual chloride concentration, but a high laboratory result is obtained for a chloride assay due to interference by a "chloride look-alike" in the form of a halogen ion such as bromine [Br - ] or iodine [I -]. In these cases, chloride measurements, up to 175 mEq/L and an AG as low as -55 have been reported [44, 45] . Salicylates can potentially represent another cause for falsely elevated chloride levels and thus an extremely negative AG [46] .
Practical Considerations
To bring the above information into practice, 3 case examples are discussed.
Patient 1
A 60-year-old man was admitted to the surgery ward for an inguinal hernia operation. He was known with long-standing diabetes mellitus type 2, with retinopathy and incompliance. His medication consisted of insulin, amlodipine, and simvastatin. On examination, the blood pressure was 133/94 mm Hg and edema was present. The remainder of the examination was unrevealing. The hemoglobin was 11 g%, sodium 139 mEq/L, potassium 5.9 mEq/L, creatinine 19 mg%, and glucose 176 mg%; urine dipstick was albumin positive.
Discussion. We are often confronted with insufficient information, so we must make a tentative diagnosis to guide further evaluation. In this case, the combination of moderate diabetic retinopathy, diabetic nephropathy with proteinuria, and hyperkalemia without prescription of drugs directly affecting the renin-angiotensin-aldosterone system, the diagnosis of RTA type 4 is almost certain. The most important causal factor of chronic hyperkalemia in patients with diabetes is the syndrome of hyporeninemic hypoaldosteronism [47] . In one study, RTA type 4 was very common in patients having significant hyperkalemia, with an incidence of 42% in patients admitted to a university hospital with a potassium level ≥ 6 mEq/L [48] . In our patient, other laboratory results were: Na 138 mEq/L, K 6.4 mEq/L, chloride 113 mEq/L, arterial blood gas: pH 7.36, pCO 2 35 mm Hg, pO 2 109 mm Hg, bicarbonate 19 mEq/L, albumin 2.0 g/dL, urine pH 6.3, glucose negative, and spot urine Na 61 mEq/L, K 35 mEq/L, and chloride 57 mEq/L on the next day. The serum AG is 6 mEq/L; to correct it for albumin, one should add 2.5 mEq/L per g/dL albumin to the calculated AG, so in this case add 5 mEq/L. An AG of 11 mEq/L is probably normal. Therefore, we have a normal AG metabolic acidosis, with urine AG (Na + -K + -Cl -) = 61 + 37 -57 = 40 mEq/L. A positive urine AG adds to the diagnosis of RTA type 4.
Patient 2
You are consulted for a patient with diabetic ketoacidosis because of decreasing bicarbonate level during therapy. Laboratory results of days 1 and 2 are listed in Table 3 . On day 2, the AG was increased 3 mEq/L and bicarbonate was decreased 9 mEq/L. In ketoacidosis, we expect that the increase in AG is about the same as the decrease in bicarbonate. Because the bicarbonate was substantially lower than expected on day 2, there must be a high and normal AG metabolic acidosis. The latter is caused by saline infusions. We must know this so-called delta-delta concept has many limitations [49] .
Patient 3
A female patient was admitted to hospital because of intermittent vomiting, weight loss, and dizziness. She was treated for 18 years with HIV, and, recently, her CD4 count was high and the viral load very low. She was dehydrated, and laboratory tests revealed a plasma sodium of 138 mEq/L, chloride of 110 mEq/L, and glucose 110 mg%. An important clue was provided by the urine dipstick: glucose in the urine was high, while the serum glucose was normal. The serum chloride level was out of proportion for the sodium level with a CL -/Na + ratio above 0.79 (0.797) suggesting a normal AG metabolic acidosis. The renal glucosuria was pointing to a proximal RTA, and, indeed, the bicarbonate level was 17 mEq/L, and low levels of uric acid and phosphate were noticed. After oral administration of sodium bicarbonate, the urine pH increased from 6.5 to 7.5, and bicarbonaturia was also confirmed quantitatively. In this case, tenofovir caused the proximal RTA, and after termination of the drug the patient recovered completely.
Conclusion
As can be seen by the 3 cases, making a diagnosis in normal AG metabolic acidosis is quite straightforward with clinical signs and additional simple laboratory tests ( Tables 1 , 2 ) . The presence of RTA should be considered in any patient with a high chloride level, in particular when the CL -/Na + ratio is above 0.79 and the patient does not have diarrhea. In patients with significant hyperkalemia, especially in diabetic patients with a relatively conserved renal function, one should evaluate for RTA type 4. A still growing list of medications can produce RTA. 
